Recent evidence indicates that determinants controlled by a locus (Ia-4 locus) mapped in I-J subregion of mouse H-2 major histocompatibility complex are selectively expressed on a functional subpopulation of peripheral T lymphocyte, which is endowed with a role to suppress the antibody and immunoglobulin production (1-3). 1 Unlike other/-region associated (Ia) antigens, which are primarily detectable on B cells, the products of Ia-4 locus are not found on B cells, but are uniquely expressed on T cells (1, 4). In addition, the same locus in I-J subregion appears to control the determinants found on the antigenspecific suppressive T-cell factor (3), and thus I-J subregion products provide an important clue for studying the nature of both the Ia antigen and the antigen-receptor which are unique to T cells.
Separation ofFcR + and FcR-Cells. Rosetting of surface Fc receptor-positive (FcR ÷) ceils was
performed by the method of MSller (13) except that a mouse 7S anti-SRBC fraction was used instead of rabbit antibody to sensitize SRBC. The rosetting (FcR ÷) cells were separated from nonrosetting (FcR-) cells by centrifugation on Isopaque/Ficoll gradient (Isopaque; Nyegaard and Co., Oslo, Norway, Ficoll; Pharmacia Fine Chemicals, Inc., Uppsala, Sweden) according to the method of Parish et al. (14) .
Cytotoxic Assay: The 51Cr release assay was used for cytotoxic test (15) . ~lCr-labeled 1 x 106 cells/ml were incubated with diluted antiserum at room temperature for 30 min and further at 4°C for 5 min. They were washed and subjected to the further 30-min incubation at 37°C with diluted rabbit complement (C). After centrifugation, radioactivity in the supernate was assayed. Sequential cytotoxic treatments with the combination of alloantisera were performed by the method described by Cantor and Boyse (16) .
Analysis of 1-J-Bearing Cells by Fluorescence-Activated Cell Sorter (FACS).
The cell fractions separated with antigen-coated columns were analyzed by FACS II (Becton, Dickinson Electronics Laboratory, Mountain View, Calif.). The cells were treated with anti-I-J antisera followed by staining with fluoresceinated anti-mouse IgG. The fluorescence profile was analyzed by FACS II after gating out dead cells by the size scatter analysis (17) .
Results

Fractionation of KLH-Primed Spleen Cells with Antibody-and AntigenCoated Columns.
Spleen cells from KLH-immunized mice were first passed through a column of Sephadex G-200 coupled with anti-MIg at 4°C to deplete B cells. The medium used in these procedures was D'PBS containing 5% FCS. About 40% of the original spleen cells were harvested in the effluent, which consisted of more than 70% of Thy-1 antigen-positive cells. 3 to 5 × l0 s of these enriched T cells were resuspended in 5 ml of warm (37°C) medium. The suspension was then applied to the column of KLH-ceated Sephadex G-200 at 37°C. Cells were allowed to penetrate into the column, and were further incubated at 37°C for 30 min in the column. The column was then washed with a warm (37°C) medium by adjusting the flow rate to about 1 ml/min. The elution of nonadherent cells was completed by washing the column ,with 150-250 ml of warm medium. The column was then placed in the 4°C cold chamber for 30 rain. The cells bound to the column were eluted by washing with cold (0-4°C) medium at a flow rate of 1 ml/min.
The elution pattern of cells from the column is depicted in Fig. 1 . The total number of cells eluted with the cold medium fraction II (Fr. II) was usually about 0.5% of the original spleen cells. If the spleen cell suspension from the egg-albumin immunized or normal mice were applied to the same KLH-coated column, the recovery of Fr. II did not exceed 0.1% of the original cells under the identical condition.
Functional Analyses of Cell Fractions Separated by Antigen-Coated Column
SUPPRESSOR ACTIVITY. The suppressor activity of column-separated fractions from C57BL/6 mice was assayed by the ability of the mice to suppress specifically an adoptive secondary antibody response of primed syngeneic spleen cells against DNP-KLH. The cells were cotransferred with DNP-primed B cells and KLH-primed nylon-purified T cells into irradiated syngeneic recipients that were subsequently immunized with 10 ~g of DNP-KLH. The data in Table I shows that even 0.2 × los of Fr. II cells could completely suppress the anti-DNP antibody response, whereas 1 × 107 of Fr. I cells produced no significant suppression. The T-cell fraction which was obtained by passage only through the anti-MIg column, produced moderate suppression at a dose of 1 × 107, and thus the suppressor activity was found almost exclusively concentrated in Fr. H which bound to the antigen-coated column at 37°C. HELPER ACTIVITY. To assess whether the helper T cell could be separated by the same adsorption-elution procedure with the antigen-coated column, the spleen cells of C57BL/6 mice, which had been immunized by a single injection of KLH in alum 6 wk earlier to generate strong helper activity, were fraction- ated by exactly the same procedure as that used to enrich the suppressor T cell. The yield of Fr. II cells from the helper source was about the same as that from suppressor spleen cells. Each fraction was cotransferred with DNP-primed B cells into irradiated recipients that were then immunized with DNP-KLH. Table II shows that Fr. I cells, which did not bind to the KLH-column exerted a comparable helper effect to that of unseparated T-cell fraction at the same dose. On the contrary, even 0.5 × l0 s Fr. II cells, which were obtained from more than 5 x 108 original spleen cells, exhibited very little helper activity. If the same number of Fr. II cells were admixed with 5 x 10 ~ Fr. I cells and cotransferred with DNP-primed B cells to the recipient, the anti-DNP antibody response was much lower than that mounted by Fr. I cells and B cells. This indicates that the Fr. II cells which bind to the antigen-coated column are, in fact, suppressor T cells, even though the cells were derived from animals immunized to generate optimal helper activity. The results collectively indicate that the helper T cell does not bind to the antigen-coated column under the condition in which suppressor T cells are successfully removed. It is also shown that even the spleen cells, which exhibit strong helper activity as a whole, contain a significant number of suppressor T cells which can be separated by binding to the antigen-coated column.
The Suppressive T-Cell Factor Derives from Antigen-Binding T Cells. Since our previous studies indicated that the antigen-specific suppressive T-cell factor (TsF) is obtainable by sonication of suppressor T cells, we have attempted to extract TsF from fractionated cells. The cells of each fraction were disrupted by sonication, and the suppressive activity of the soluble supernate was assessed in the in vitro secondary antibody response. Table HI shows the results of an experiment using DNP-KLH-primed C57BL/6 spleen cells as the responding cells to which varying doses of cell-free extracts obtained from syngeneic fractionated cells were added. It is clearly demonstrated that the extract from Fr. II cells produces a significant suppression of anti-DNP PFC response even at a dose corresponding to 103 live cells. With the extract corresponding to 104 Fr. II cells gave a comparable degree of suppression to that produced by the extract obtained from 100 times (1 x 106) as many unfractionated spleen cells. This indicates that the fractionation procedure resulted in the 100-fold enrichment of suppressor T cell in Fr. II. On the other hand, almost no suppressive activity was observed with the extract from Fr. I cells.
Suppressive T-Cell Factor Derives from FcR-T Cells.
Fr. II cells were separated into two fractions by Fc-rosetting technique. About 25% of Fr. II cells were recovered as Fc rosette-forming (FcR +) cells. After removal of SRBC by treating the cells with Gey's solution (18) , both FcR ÷ and FcR-T-cell fractions were disrupted by sonication, and the supernates were likewise tested for their suppressive activity. As shown in the lower part of Table HI, the suppression was induced only by the extract from FcR-T cells, and hence, the producer of TsF was shown to lack surface Fc receptors.
Demonstration of I-J Determinants on Enriched Suppressor T Cells. Columnseparated Fr. I and Fr. II cells were analyzed by cytotoxic ~lCr release with various alloantisera and rabbit C. The results obtained with C57BL/6 spleen cells are depicted in Table IV . Both fractions contained 70-75% of Thy-1 antigen-positive cells. About 30% of Fr. II cells were constantly killed by anti-I-J ~ in repeated experiments, whereas no significant killing of Fr. I cells was observed with anti-IoJ k antiserum. This killing was haplotype-specific, since the reciprocal antiserum (anti-I-J k) did not lyse the cells from C57BL/6 mice, whereas it was able to kill Fr. II cells from C3H mice (see below). Another interesting fact is that Fr. II cells contained a larger proportion of cells that were killed by anti-Lyt-2.2, 3.2 antiserum than did Fr. I cells.
Cytotoxic curves with two anti-I-J antisera using Fr. II cells from C57BL/6 and C3H as targets are depicted in Fig. 2 . The anti-I-J b antiserum specifically killed C57BL/6 Fr. II cells, and the anti-I-J k only killed C3H Fr. II cells. The titers of both antisera were relatively low showing the steep decline of cytotoxicity at dilutions beyond 1:20. 
Relationship between the I-J Expression, Lyt-Phenotype, and Surface Fc Receptor on Enriched Suppressor T Cells. The above studies indicate that
Anti-l-J b 0 * ~Cr-labeled Fr. II cells of C57BL/6J mice were treated with various alloantisera and rabbit C, and the radioactivity released in the medium was measured. S Live cells after the 1st killing were then treated with antisera and C. § Normal C57BL/6J mouse serum absorbed with syngeneic spleen cells.
To learn the relationship between FcR and I-J determinants, the Fr. II cells were separated into FcR + and FcR-populations. As stated above, about 25% of Fr. II cells were FcR +. No significant killing with anti-I-J antiserum was detectable in FcR + population, whereas about 30% of FcR-cells were killed by anti-I-J and C. Taken together, the I-J determinant-positive cells boar Lyt-2,3 alloantigens and lack the surface Fc receptor.
Analysis of I-J Determinant-Bearing Cells by Fluorescence-Activated Cell Sorter (FACS).
Fr. II cells from C57BL/6 mice were reacted with anti-I-J b or anti-I-J ~ antiserum followed by staining with fluoresceinated anti-mouse IgG. The fluorescence distribution of cells was analyzed with FACS II after gating out dead cells by size scatter analysis. As can be seen in Fig. 3 , the fluorescence profile of the Fr. II cells stained with anti-I-J b showed a bimodal distribution, whereas the same cells treated with irrelevant (anti-I-J*) antiserum showed a single fluorescence-negative peak. The computer analysis of the fluorescencepositive peak indicated that about 30% of the live Fr. II cells carry I-J determinants, the value being consistent with that obtained with cytotoxic 51Cr release.
Discussion
The presence of unique I region gene products which are selectively expressed only on certain subsets of T cells has created new problems concerning the role of T-cell Ia antigen in the regulatory cell interactions in the immune response. The cell type which carries I-J determinants is involved in the aUotype-, idiotype-, and antigen-specific suppressions (1-3, footnote 1), and in the initiation of T-cell response to concanavalin A (19) . In addition, the determinants are found on the molecule which suppresses the antibody response in an antigen-specific fashion. Hence, the functional and biochemical analyses of I-J subregion gene products are of obvious importance for the further understand- ing of the molecular events in the regulatory cell interactions as well as of the nature of antigen receptor of T cells.
There was, however, a great limitation in proceeding with these studies, since the presence of/-J-bearing cells was only demonstrable by functional studies in which the activity of suppressor T cells and suppressor factor was removed by anti-I-J antisera, and since there was no way to directly detect the I-J subregion gene products by serological and immunochemical procedures. This is mainly due to the fact that the number of/-J-bearing cells in total spleen cells is too small to allow such an analysis. The present report described a simple method to enrich the antigen-specific suppressor T cell about 100-fold allowing us to study the phenotypic expressions on the cell type with respect to the I-J determinants, Lyt alloantigens, and Fc receptors. Results collectively indicate that I-J determinants are expressed mainly within the Lyt-2+,3 +, FcR-T-cell population. More recently, Taniguchi and Miller 3 were able to separate the antigen-specific suppressor T cell by adsorption to and elution from antigencoated Petri dishes. Properties of the purified suppressor T cell are very similar to those of ours despite the fact that their suppressor T cell was derived from tolerant mice.
The present studies together with those reported previously (3, 20) indicate that the antigen-specific suppressor T cell indeed possesses antigen-binding sites together with I-J determinants. This is in sharp contrast to the helper T cell which does not bind to the antigen-coated column under the identical condition. These observations raise an important question as to whether or not the antigen recognition of helper and suppressor T cells are the same. It has been reported that macrophages are required to induce the helper T cell but not the suppressor T cell (21, 22) . The optimal conditions to induce helper and suppressor T cells are different with respect to the dose of antigen (23, 24) , adjuvant vehicle (23) , and the form of antigen (25, 26) . One possible explanation is that the suppressor T cell recognizes antigen itself and can be stimulated by free antigen, while the helper T cell is only generated by modified antigen presented on macrophages. The other, and perhaps related explanation is that the affinity of antigen-binding sites of helper and suppressor T cells is different. Further biochemical and functional studies will give the final answer.
The method described in this paper appears to have several important applications to future studies on T-cell Ia antigens. In fact, the method allowed us to titrate the anti-I-J antibody by the direct cytotoxic assay, which was not possible with the total splenic T cells. We were also able to analyze and separate/-J-bearing cells with FACS. These will facilitate the biochemical analysis of the I-J subregion gene products with respect to both the possible constant part and antigen-binding site of the molecule, and the serological analysis of specificities of I-J determinants possessed by various haplotype strains. One of the most attractive applications may be to make hybrid cell lines expressing I-J determinants, which will allow the more precise biochemical and genetic studies of I-J molecules having antigen specificity and possibly an idiotype. Summary A simple procedure to enrich the antigen (keyhole limpet hemocyanin, KLH)-specific suppressor T cell was described. The suppressor T cell from KLH-immunized mice specifically bound to the KLH-coated Sephadex G-200 column at 37°C, and was eluted from the column by cold (0-4°C) medium. The helper T cell did not bind to the column under the identical condition. The suppressor T cell thus obtained had 100 times as potent suppressor activity as the original spleen cells in in vivo and in vitro secondary antibody responses against a hapten coupled to KLH. This procedure also enriched the cells bearing I-J determinants and Lyt-2,3 alloantigens, allowing us to study the phenotypic expressions on the suppressor T cell by direct serological procedures as well as by the use of the fluorescence activated cell sorter. Parallel functional and serological analyses indicated that the antigen-specific suppressor T cell belongs to a population of/J +, Lyt-2+,3 + and Fc R-T cells.
